An overview of the taxonomic history and tribal classifi cations of the associated genera is given in Table 1 .
The Condamineeae and the Rondeletieae have traditionally ( Hooker, 1873 ; Schumann, 1891 ) been considered closely allied, both being characterized by many-seeded capsules, but distinguished by aestivation patterns of the corolla lobes (valvate in Condamineeae vs. imbricate or contorted in Rondeletieae). Verdcourt (1958) found this distinction insuffi cient and reduced Condamineeae to Rondeletieae, whereas Bremekamp (1966) upheld the distinction and, in addition, distinguished a tribe Simireae, claiming that the placentation and number of ovules in Simira indicated an isolated position in the family. Robbrecht (1988) , in his comprehensive classifi cation of Rubiaceae, largely followed the views of Hooker (1873) and Bremekamp (1966) . Like Verdcourt (1958) , Delprete (1996a , b ) recognized only Rondeletieae, which he considered closely related to Calycophylleae and Cinchoneae.
The Cinchoneae have historically been distinguished from the Condamineeae and the Rondeletieae by the presence of ascending, imbricate ovules and winged seeds ( Hooker, 1873 ; Schumann, 1891 ) . The tribe was investigated in a morphological cladistic study by Andersson and Persson (1991) , and the authors transferred a number of genera from the Cinchoneae to a newly erected Calycophylleae (additional genera were included by Andersson [1995] ). These genera ( Alseis , Calycophyllum , Capirona , Ferdinandusa , Macrocnemum, and Wittmackanthus ), and the tentatively included Dolicholobium , were shortly thereafter demonstrated as being associated with the Condamineeae (cf. Bremer et al., 1999 ; Rova, 1999 ) .
The " hippotides " ( Hippotis , Pentagonia , Sommera , and Tammsia ; Rova and Andersson, 1995 ) have previously been placed in the Catesbaeeae ( Hooker, 1873 ) or the Mussaendeae ( Schumann, 1891 ) ; both tribes were characterized by valvate corolla aestivation and indehiscent fruits with many seeds. These genera were transferred into two new tribes (Hippotieae and Tammsieae by Garc í a Kirkbride [1981 ] ) of which the latter was reduced to synonymy by Rova and Andersson (1995) . The Hippotideae sensu Rova and Andersson (1995) were soon thereafter also found to be associated with the Condamineeae Rova et al., 2002 ) . For more detailed historical reviews of Condamineeae, see Delprete (1996a) ; Rondeletieae, see Delprete (1999) ; Cinchoneae, see Andersson and Persson (1991) , Andersson (1995) , and Andersson and Antonelli (2005) ; and Hippotideae, see Rova and Andersson (1995) .
Molecular phylogenetic studies Rova, 1999 ; Rova et al., 2002 ) have revealed the Condamineeae to be a diverse tribe with an unexpected phylogenetic position within the Ixoroideae, but have so far not provided much insight into the relationships within the tribe. In this sense, the Condamineeae remain one of the least known groups within the family. The objectives of this study were to investigate the systematics and morphological character evolution of the Condamineeae using phylogenetic hypotheses inferred from cpDNA and nrDNA. ¬ data set were low (ITS, 0.005; plastid coding, 0.005; plastid noncoding, 0.003; plastid combined, 0.005; all combined, 0.003) . The potential scale reduction factor [PSRF] was 1.0 for all parameters in all analyses.
Morphological ancestral state reconstructions -Morphological information was mainly obtained from literature (primarily from protologues; Schumann [1889 , 1891 ] , Andersson and Persson [1991] , Andersson [1994 Andersson [ , 1995 , Andersson and Rova [2004] , Rova and Andersson [1995] , Delprete [1996a Delprete [ , 1999 , Pennington et al. [2004 ] , and Taylor et al. 2004 ] ), complemented with observations of herbarium material (studied at GB, MO, S, and UPS). Ancestral character states were reconstructed for the following morphological characters: stipule type, fl ower breeding systems, corolla lobe aestivation, calycophylls, fruit type, and seed wings. Stipules were coded as (0) interpetiolar, (1) intrapetiolar, or (2) calyptrate; breeding systems as (0) protandrous, (1) protogynous, (2) monoecious, (3) dioecous, or (4) heterostylous; aestivation as (0) imbricate, (1) left-contorted, (2) valvate, or (3) open; calycophylls as (0) absent, or (1) present; fruit type as (0) septicidal, (1) loculicidal, or (3) indehiscent; seed wings as (0) absent, (1) bipolar, (3) lateral, or (4) orbicular. The morphological data matrix is included in Appendix S2.
Using the scripts catmb.pl (written by Johan Nylander, Stockholm University) and seltree-mini.pl (written by Torsten Eriksson), we randomly selected 1000 trees from the postburn-in trees generated in the MrBayes analyses of the combined data. Ancestral states were reconstructed across these trees using maximum likelihood (Mk1 model -equal probability of change between states), as implemented in the program Mesquite v.2.72 ( Maddison and Maddison, 2010 ) , then plotted on the tree with the highest marginal likelihood (selected using the script mbscan v.1.0, written by Torsten Eriksson).
The MP analyses were performed using heuristic searches with the treebisection-reconnection (TBR) branch swapping algorithm, Multrees on, 1000 random sequence addition replicates, and a maximum of 10 trees saved per replicate. Clade support was estimated using 1000 bootstrap replicates ( Felsenstein, 1985 ) , with three random addition replicates per replicate. For the Baysian inference analyses, substitution models suggested as best-fi t to the data under the corrected Akaike information criterion (AICc; Akaike, 1974 ) , as implemented in the program MrAIC v1.4.2 ( Nylander, 2004 ) , a script dependent on the program PHYML v2.4.1 ( Guindon and Gascuel, 2003 ) , were used for each data set (I, GTR+G; II, GTR+I+G; III, GTR+I+G). Model parameter estimates (except topology) were unlinked among data sets when analyzed in combination. The analyses comprised two runs of four chains each, which were monitored for 20 × 10 6 generations, with every 1000th generation being sampled, and a chain heating parameter of 0.15. Trees sampled before stable posterior probability (PP) values had been reached, were excluded from consensus as a burn-in phase (initial 50% of the sampled trees). Standard deviations of split frequencies between separate runs were calculated using the program splitsmb v.0.1.1 ( Lakner and Ronquist, 2008 ) . Nodes receiving a bootstrap support (BS) of < 70% in the MP analyses, or a PP of < 0.95 in the BI analyses, were not considered as well supported.
All BI analyses performed well as judged from parameter move acceptance rates (ITS, 10 -26%; plastid coding, 10 -63% except state frequencies [4%]; plastid noncoding, 6 -57%, except state frequencies [2%]; and similarly for the combined data sets), and chain swap percentages (ITS, 7 -20%; plastid coding, 20 -25%, except < 1% for one chain in both analyses; plastid noncoding, 12 -21%; plastid combined, 33 -46%; all combined, 17 -28%). Initial analyses using the default chain temperature value (0.2) did not mix as well. The mean standard deviations of split frequencies between the two separate analyses for each Table 1 . Year of publication and previously proposed tribal classifi cations of the genera of the Condamineeae according to Hooker (1873) , Schumann (1889 Schumann ( , 1891 , Robbrecht (1988) , Andersson (1995) , Delprete (1996a) , and Bremer and Eriksson (2009) . ! = excluded from Rubiaceae, CAL = Calycophylleae, CAT = Catesbaeeae, CHI = Chiococceae, CIN = Cinchoneae, CON = Condamineeae, COP = Coptosapelteae, inc = incertae sedis , HIP = Hippotideae, MUS = Mussaendeae, RON = Rondeletieae, SIM = Simireae, TAM = Tammsieae. Although generally congruent with analyses of the nrDNA data, the analyses of the cpDNA data supported a number of clades that were incongruent with the topology inferred from the nrDNA data. These incongruences were (I) Ferdinandusa as sister group to a Parachimarrhis -Simira clade (PP, 1.0), (II) Pogonopus as sister to Elaeagia myriantha (PP, 0.97), (III) Simira corumbensis as sister to the rest of the Simira species (PP, 1.0), (IV) S. glaziowii as sister to a S. cordifolia -S. maxonii clade (PP, 0.98; BS, 79%), and (V) Rustia rubra as sister to R. viridifl ora (PP, 1.00; BS, 80%). In the MP and BI analyses of the combined cpDNA and nrDNA data ( Fig. 4 ) , the support values for the Parachimarrhis -Simira clade were increased compared to the corresponding values from nrDNA data alone, and the support values for the Picardaea -Pogonopus clade were unchanged. Consequently, these incongruences (I-II) were not considered as strong confl icts. In contrast, the support values within the Simira and Rustia clades were reduced relative to corresponding values in the separate analyses, indicating a confl ict in the phylogenetic signal for incongruences III -V. Therefore Rustia rubra , Simira corumbensis , and S. glaziowii were excluded in the fi nal analyses of the combined data.
Combining the data resulted in somewhat increased resolution ( Fig. 4 ) and, in general, higher support values. As in the nrDNA tree, Dioicodendron , Emmenopterys , and Pinckneya were inferred as early-diverging clades within the tribe. Dioicodendron was in the BI analyses sister to the remaining tribe. However, bootstrap support for this node was < 70%. Within the Condamineeae crown group (PP, 1.00; BS, 91%), four clades were resolved; Ferdinandusa, the Malesian-Pacifi c clade (PP, 1.00; BS, 97%), the septicidal clade (PP, 1.00; BS, 82%), and a " loculicidal clade " (PP, 1.00), comprising the genera Condaminea , Elaeagia , Hippotis , Macbrideina , Macrocnemum , Pentagonia , Phitopis , Picardaea , Pogonopus , Rustia , Sommera , Tammsia , and Tresanthera . Besides the supported clades indicated in Fig. 4 , two additional clades were well supported in the MP analysis: a Alseis -Bothriospora -Dialypetalanthus -Wittmackanthus clade (77%) and a Rustia alba -R. bilsana -R. formosa -R. thibaudioides -R. viridifl ora -Tresanthera clade (77%). The Calycophylleae sensu Andersson (1995) were found to be polyphyletic, whereas the Hippotideae sensu Rova and Andersson (1995) were resolved as monophyletic (PP, 1.00), nested within the loculicidal clade.
RESULTS
A summary of the tree data and statistics from the analyses is given in Table 2 . There were no well-supported nodes that confl icted from the Bayesian inference analyses and the maximum parsimony analyses. In the phylogenetic hypotheses from the nrDNA data, the Condamineeae were resolved as monophyletic in both BI and MP analyses; however, this node was well supported only in the former (PP, 1.00). Within the Condamineeae, a basal trichotomy was inferred, consisting of Dioicodendron , an Emmenopterys -Pinckneya clade (PP, 1.00), and a crown group (PP, 1.00; BS, 70%) of the remaining genera of the tribe. The crown group was poorly resolved and comprised six clades: (I) Ferdinandusa ; (II) a " Malesian-Pacifi c clade " consisting of Dolicholobium , Mastixiodendron , Mussaendopsis (PP, 1.00); (III) a " septicidal clade " consisting of Alseis , Bathysa , Bothriospora , Calycophyllum , Capirona , Chimarrhis , Dialypetalanthus , Dolichodelphys , Parachimarrhis , Simira , Warszewiczia, and Wittmackanthus (PP, 0.99); (IV) a Picardaea and Pogonopus clade (PP, 1.00; BS, 91%); (V) a clade consisting of Bathysa , Condaminea , Elaeagia , Macbrideina , and Phitopis (PP, 1.00); and (VI) a clade consisting of the hippotides ( Hippotis , Pentagonia , and Sommera ), and Macrocnemum , Rustia , and Tresanthera (PP, 1.00; BS, 93%). The 95% majority rule consensus tree from the Bayesian analysis of the nrDNA data are shown in Fig. 2 , with bootstrap support values from the MP analysis. Besides the well-supported clades shown in the fi gure, a number of additional clades were well supported in the MP analysis. These were a Mussaenda -Posoqueria clade (BS, 77%), a Bathysa australis -B. stipulata clade (BS, 73%), and a Calycophyllum multifl orum -C. spruceanum clade (BS, 87%).
The separate phylogenetic hypotheses from the BI analyses of the protein-coding genes and of the noncoding cpDNA data sets (trees not shown) were congruent in all but one node ( Simira corumbensis formed a sister group to remaining Simira in the former and a sister group to Pogonopus in the latter). However, combining the data resulted in increased support for the former position; consequently, we did not consider combining the plastid data sets as problematic. In analyses of the combined cpDNA data, the Condamineeae appeared monophyletic and strongly supported (PP, 1.00; BS, 100%). Within the tribe, Emmenopterys and Pinckneya formed a basal trichotomy with a Condamineeae crown group (PP, 1.00). Dioicodendron was unresolved within the crown group, as were a number of other genera ( Condaminea , Macbrideina , and Picardaea ). The Malesian-Pacifi c clade (PP, 1.00; BS, 100%), the septicidal clade (PP, 1.00), and the hippotide-Macrocnemum -Rustia -Tresanthera clade (PP, 1.00; BS, 76%), were all supported. Within the septicidal, and the seeds are vertically inserted and imbricate and have bipolar wings ( Oliver, 1889 ) . Emmenopterys is restricted to southern China -northern Vietnam.
Pinckneya -As mentioned, Pinckneya is morphologically similar to Emmenopterys in a number of characters. However, Pinckneya differs in having fl owers with tubular corollas and exserted stamens and stigmas. Furthermore, the capsules of Pinckneya are lenticellate, semiglobose, and bilobed with a somewhat convex apex. The dehiscence is loculicidal, and the seeds are horizontally inserted in two rows and have wide orbicular wings ( Delprete, 1996c ; cf. fi g. 8G in Delprete, 1999 ) . Pinckneya is endemic to southeastern USA. The Emmenopterys -Pinckneya clade could consequently provide another example of a well-established southeastern Asia -southeastern United States disjunct distribution pattern found in many other extant plant groups. However, the phylogenetic relationship between the two genera requires further study.
Ferdinandusa -The neotropical genus Ferdinandusa occurs in an unresolved position in the phylogenetic hypotheses from nrDNA data, whereas it is inferred as sister group to a Parachimarrhis -Simira clade by cpDNA data. This latter clade is not retrieved in the analyses of the combined data. No potential synapomorphies are known supporting this relationship (with the possible exception of relatively large seeds). The genus is chiefl y South American, with most species concentrated in Brazil ( Steyermark, 1972 ) . Ferdinandusa has left-contorted corolla lobe aestivation, septicidal fruit dehiscence, and ascending imbricate seeds with a bipolar wing ( ( Merrill and Perry, 1945 ; Darwin, 1977 ; Puff and Igersheim, 1994 ) . The aestivation in Mussaendopsis is left-contorted ( Oliver, 1895 ; cf. fi g. 5D in Puff and Igersheim, 1994 ) , as is the aestivation of Dolicholobium ( Bremer, 1987 ) . In Mastixiodendron , the aestivation is valvate ( Darwin, 1977 ) . Mastixiodendron also differs in having indehiscent drupaceous fruits (autapomorhic within the clade [ Fig. 5 ]) , with solitary and pendulous ovules ( Darwin, 1977 ) , whereas the fruits of Dolicholobium and Mussaendopsis are septicidal capsules with numerous, ascending ovules ( Jansen and Ridsdale, 1983 ; Puff and Igersheim, 1994 ) .
Septicidal clade -This clade is resolved in the phylogenetic hypotheses from nrDNA and the combined data. It contains several genera previously classifi ed as Cinchoneae/Calycophylleae ( Alseis , Calycophyllum , Capirona , and Wittmackanthus ), Morphological character state reconstructions ( Fig. 5 ), supported interpetiolar stipules, protandrous fl owers without calycophylls, and capsules with septicidal dehiscence as ancestral states for the Condamineeae, whereas the states of corolla lobe aestivation and seed wing were equivocal. Protogyny appears to have evolved independently at least two times within Condamineeae, whereas intrapetiolar stipules, loculicidal capsules, and indehiscent fruits appear to have evolved independently at least three times.
DISCUSSION
In this study, we investigated the systematics of the Condamineeae using phylogenetic reconstruction of molecular data. Separate analyses of cpDNA and nrDNA each resolve the tribe as monophyletic. The tribe is morphologically very diverse and not easily characterized (see Synopsis), nor are any potential morphological synapomorphies known. Still, because molecular data strongly shows that the Condamineeae are monophyletic, we do not consider any alternative classifi cation (subdivision) as being more appropriate. Below we characterize the resolved clades of the Condamineeae and discuss the inferred systematic relationships. Unless otherwise indicated, the phylogenetic hypothesis referred to is that from the combined data set ( Fig. 4 ) . The informal names " the hippotides " ( Rova and Andersson, 1995 ) , " the Malesian-Pacifi c clade " , " the loculicidal clade " , and " the septicidal clade " are used for the convenience of the discussion.
Systematic relationships -Dioicodendron -The position of Dioicodendron is not unambiguously resolved. The genus is part of a basal polytomy together with Emmenopterys , Pinckneya , and a Condamineeae crown group in the nrDNA phylogenetic hypotheses ( Fig. 2 ) , whereas it is unresolved within the crown group or within the entire tribe in the BI and MP analyses of cpDNA data, respectively ( Fig. 3 ) . In the BI analysis of the combined data ( Fig. 4 ), Dioicodendron appears as sister to the remaining Condamineeae. Dioicodendron occurs at medium to high elevations in the Andes of northwestern South America ( Delprete, 1999 ) . It is the only dioecious genus in the Condamineeae, with small, greenish white, and relatively unspecialized fl owers (in concordance with a general morphology of dioecious tropical trees as discussed by Bawa [1975] ) . Dioicodendron can be further characterized by valvate corolla lobe aestivation; spreading, ± foliose, persistent stipules; and septicidal capsules with horizontally inserted seeds. The seeds of Dioicodendron are somewhat similar to seeds of Picardaea and Pogonopus , being 3 -5-angular with a granulate and irregularly reticulate testa ( Fig. 6Z) ( Delprete, 1999 ) .
Emmenopterys -In the phylogenetic hypotheses from the nrDNA data, Emmenopterys forms a sister group to Pinckneya . Support for this clade is not found in analyses of cpDNA data, nor in BI analyses of the combined data. Both genera are deciduous trees, with interpetiolar caducous stipules, imbricate corolla aestivation, calycophylls, fruits with caducous calyces, and winged seeds. However, unlike Pinckneya , the fl owers of Emmenopterys have funnelform corollas, and included stamens and stigmas ( Fig. 1A ) . Furthermore, the capsules of Emmenopterys are oblong-cylindrical to fusiform with the disk portion shortly prolonged into a rounded beak (C. M. Taylor, Missouri Botanical Garden, personal communication) . The dehiscence is Fig. 3 . The 95% majority rule consensus tree of all trees sampled after the burn-in in the Bayesian analysis of the cpDNA data ( matK , ndhF , rps16 intron, trnH-psbA , trnSG , and trnT-F ). Posterior probabilities are indicated below branches and bootstrap support values above. A hyphen (-) indicates a bootstrap support value < 70%. Note that a number of additional nodes were supported in the maximum parsimony analysis (see Results). ( Taylor, 2002 ) and can be further characterized by subspicate infl orescences and pendent placentas ( Andersson, 1995 ) .
Dialypetalanthus, Bothriospora, and Wittmackanthus -The monotypic Dialypetalanthus , from the southern Amazon basin, is morphologically aberrant in Rubiaceae on account of its fl owers with free petals, numerous stamens, and porate anthers. These character states have complicated the correct classifi cation of the genus. Furthermore, Dialypetalanthus is also unusual within the Condamineeae in having deeply lobed, persistent stipules that form a low sheath around the stem ( Hutchinson, 1973 ; Piesschaert et al., 1997 (interpreted by some authors as intrapetiolar). When Kuhlmann (1925) described Dialypetalanthus , he considered it as part of Rubiaceae and associated with tribe Cinchoneae. However, subsequent classifi cations have recognized Dialypetalanthus as constituting a monotypic family (Dialypetalanthaceae), part of Myrtales ( Rizzini and Occhioni, 1949 ) , Rubiales ( Hutchinson, 1973 ) , Rosales ( Cronquist, 1981 ) , or Gentianales ( Piesschaert et al., 1997 ) . Fay et al. (2000) , in a molecular phylogenetic study, found the genus nested within Rubiaceae in subfamily Ixoroideae, and Bremer and Eriksson (2009) found the genus to be associated with the Condamineeae. In this study, Dialypetalanthus forms a strongly supported sister group to Bothriospora and Wittmackanthus , indicating that the unique fl oral morphology of Dialypetalanthus is derived. Although differing in fl oral characters, the fruits of Dialypetalanthus have numerous ascending and imbricate seeds ( Piesschaert et al., 1997 ) and a fruit and seed structure similar to that of Capirona and Calycophyllum ( Fig. 6G ) ( Pennington et al., 2004 ) .
The sister group to Dialypetalanthus is a clade of Bothriospora and Wittmackanthus , two monotypic genera from northern South America (the latter is also found in eastern Panama). The three genera appear somewhat morphologically disparate, and no synapomorphies are known. Bothriospora is unique within the Condamineeae in having 4 -5-locular, yellow berries. The seeds of Bothriospora are horizontally inserted, imbricate, oblong, exalate, and tuberculate ( Hooker, 1870 ; Schumann, 1889 ) . Wittmackanthus is similar to Calycophyllum ( Steyermark and Kirkbride, 1975 ) , from which it differs in having unequal and included stamens and subspicate infl orescences similar to those of Alseis ( Andersson, 1995 ) . However, unlike Alseis , the lowermost fl owers of the infl orescence often have pink-lilac calycophylls ( Fig. 1F) ( Cla ß en-Bockhoff, 1996 ) .
Capirona -Capirona , a widely distributed genus in northern South America, was in the study by Andersson (1995) closely associated with Calycophyllum (s.l.). In this study, the phylogenetic position of the genus is unresolved within the septicidal clade. Capirona , like Semaphyllanthe has contorted aestivation and fi laments attached near the corolla base. However, unlike the latter Capirona has intrapetiolar stipules (autapomorhy, Fig. 5 ) and large and foliaceous bracts ( Schumann, 1889 ) . Calycophyllum , Capirona , and Semaphyllanthe (as well as Wittmackanthus ), all have smooth, papery, reddish-brown exoliating bark ( Gentry, 1993 ; Pennington et al., 2004 As suggested by the informal name, most genera of the clade have septicidal capsules. However, Parachimarrhis and Simira have loculicidal capsules, and Bothriospora has indehiscent fruits (berries), both fruit types apparently derived in the clade ( Fig. 5 ) . Aestivation is in general imbricate, although some genera have left-contorted ( Capirona and Semaphyllanthe ), or open (some species of Alseis and Simira ) corolla lobes in bud. -Bremekamp (1966) considered the placentation and ovule number of Simira as indicating an isolated position within Rubiaceae and classifi ed the genus in the monogeneric Simireae. In the phylogenetic hypothesis here presented, Simira forms a sister group to the monotypic genus Parachimarrhis . Simira is widely distributed in the neotropics, occurring from Mexico to the Atlantic forest of southern Brazil. Parachimarrhis occurs in lowland Amazonian rain forest ( Delprete, 1999 ) . Delprete (1999) , suggested a close relationship of these two genera primarily on their bilobular fruits and crescent-shaped seeds with a lateral wing ( Fig. 6K ) , inserted horizontally in two rows. Although nested within the septicidal clade, both genera have loculicidal capsules. Parachimarrhis differs from Simira in its smaller capsules and seeds and its yellowish wood (the wood of Simira typically turns reddish when exposed to air; Delprete, 1999 ) .
Simira and Parachimarrhis
Alseis, Calycophyllum, and Semaphyllanthe -Andersson (1995) transferred a number of species of Calycophyllum [ C. intonsum Steyerm., C. megistocaulum (K. Krause) C. M. Taylor, C. merumense Steyerm., C. obovatum (Ducke) Ducke, C. spectabile Steyerm., C. venezuelense Steyerm.] to a new genus, Semaphyllanthe . Distinguishing characters included free stipules (vs. calyptrate), plane bracts (vs. enlarged bracts enclosing the fl oral buds), contorted (vs. imbricate) aestivation, and fi laments attached in the lower part of the corolla tube (vs. in the throat). This distinction was not recognized by Delprete (1996b) , who treated Calycophyllum in the traditional sense. In this study, C. megistocaulum is not found associated with the type C. candidissimum , hence supporting a generic distinction. Semaphyllanthe will consequently be discussed as a separate genus. However, it should be noted that S. megistocaula is the only included species and that this species was considered aberrant by Andersson (1995) . Clearly, the generic delimitations within this group needs to be further studied. Calycophyllum sensu Andersson was restricted to C. candidissimum , C. multifl orum , and C. spruceanum . These are all included in this study, where the (mainly) Central American C. candidissimum is found as sister group to the South American species C. multifl orum and C. spruceanum . In the MP analyses of the combined data, Calycophyllum (s.s.) forms a sister group (BS, 77%) to a clade consisting of Alseis , Bothriospora , Dialypetalanthus , and Wittmackanthus . No morphological synapomorphies for this clade are known.
Alseis is a widely distributed genus occurring from southern Mexico to Peru and in eastern Brazil. Alseis is unusual within Rubiaceae in its deciduous habit and protogynous fl owers As mentioned, Bathysa forms a sister group to Warszewiczia . These two genera are in turn nested within a clade which also includes Chimarrhis and Dolichodelphys . Warszewiczia and Chimarrhis are both widespread in southern Central America and northern South America (the latter also in the Caribbean), whereas Dolichodelphys is a rare genus restricted to northwestern South America (Venezuela to Peru; Delprete, 1999 ) . Chimarrhis and Warszewiczia both have protogynous fl owers ( Taylor et al., 2004 ) , as do Bathysa (see above); consequently, protogyny appears to be a synapomorphy for the clade consisting of Bathysa , Chimarrhis , and Warszewiczia ( Fig. 5 ) .
Loculicidal clade -This clade is resolved in the phylogenetic hypotheses of the nrDNA and the combined data. The clade contains most of the genera of the traditional Condamineeae sensu Hooker (1873 ), i.e., Condaminea , Picardaea , Pogonopus , Rustia , and Tresanthera , but also the genera Elaeagia , Macbrideina , Macrocnemum , and Schizocalyx (including Phitopis ), as well as the Hippotideae sensu Rova and Andersson (1995 ;  Hippotis , Pentagonia , Sommera , and Tammsia ). The loculicidal clade can be subdivided into (I) a Picardaea -Pogonopus clade; (II) a clade consisting of Condaminea , Elaeagia , Macbrideina , Phitopis , and Schizocalyx ; and (III) a hippotide-Macrocnemum -Rustia clade. All the genera have loculicidal capsules (except the hippotides, which all have indehiscent fruits), typically with horizontally inserted, compressed, polymorphic, and exalate seeds ( Fig. 6Q -Y ) .
Picardaea and Pogonopus -Support for this clade comes from nrDNA. Both genera share short-triangular, persistent stipules, (reduplicate) valvate aestivation, caducous calyx in fruit, and irregularly angled, horizontally compressed seeds with reticulate and granulate testa ( Fig. 6S, T) ( Aiello, 1979 ; Delprete, 1999 ) . In the phylogenetic analyses of the cpDNA data, P. tubulosus of the southern hemisphere (Peru to northern Argentina) is sister to P. exsertus (southern Mexico to northern Colombia) and P. speciosus (northern Colombia and Venezuela) of the northern hemisphere. Picardaea is a Carribean endemic found only in Cuba and Hispaniola.
Condaminea and Macbrideina -In the phylogenetic hypotheses of the nrDNA and combined data, Condaminea forms a sister group to the monotypic genus Macbrideina . Condaminea occurs from Costa Rica to Bolivia, and Macbrideina occurs from Colombia to northwestern Bolivia. Gentry (1993) considered the two genera closely related on account of similar capsules. Both genera share large, caducous, intrapetiolar stipules. Whereas the stipules of Condaminea are deeply divided, lanceolate, and connate (interpreted as two pairs of usually connate inter-and intrapetiolar stipules by Delprete [1999] ), the stipules of Macbrideina are oval-oblong, entire, and free. Both genera have rather large fl owers with thick, funnel -salver-shaped corollas, although with differing aestivation patterns (valvate in Condaminea , vs. imbricate in Macbrideina ; Fig. 1H, I ).
Elaeagia and Holtonia -In the phylogenetic hypotheses presented, Elaeagia forms a strongly supported sister group to the Schizocalyx clade. As discussed, this relationship is morphologically supported by left-contorted aestivation, calyptrate stipules in bud, and capsules with (loculicidal) dehiscence restricted to the apices. However, Elaeagia does not appear to be monophyletic because Elaeagia myriantha forms a sister group to the Condaminea -Elaeagia -Macbridenia -Schizocalyx clade. and B. peruviana ) and Panama ( B. veraguensis ) form a sister group to Elaeagia . Curiously, the Brazilian species B. cuspidata is part of the latter clade (from here on termed the Schizocalyx clade). Also nested within Schizocalyx is Phitopis .
Morphologically, Bathysa and Schizocalyx are distinct. In Bathysa , the stipules are persistent (except in B. gymnocarpa ; Germano-Filho, 1999 ) and free. In contrast, the stipules of Schizocalyx are early-caducous, coherent-connate, and calyptrate in bud ( Hooker, 1873 ; Rova and Andersson, 1995 ; Germano-Filho, 1999 ) . Interestingly, the stipules of Elaeagia , the sister group of Schizocalyx , are also united and calyptrate in bud, being oriented perpendicularly to the subtending leaves ( Taylor, 2001 ; Taylor et al., 2004 ) . However, unlike the stipules of Schizocalyx , the stipules of Elaeagia split into intrapetiolar sections as new leaves emerge, and these sections are more or less persistent (in some species only the lower portion persists; Taylor, 2001 ) . The corolla of Bathysa is hypocrateriform, cream-colored or greenish yellow, and predominantly tetramerous (although B. australis can be pentamerous; Germano-Filho, 1999 ), whereas the corolla in Schizocalyx is funnelform, white, and pentamerous. The corolla lobes of Bathysa are imbricate in bud, whereas examined specimens of B. bracteosa and B. peruviana have left-contorted aestivation (in the original description of B. bracteosa by Weddell [1854 ] as Schizocalyx bracteosus ), the aestivation is described as contorted-imbricate, whereas Hooker [1873] described the aestivation as strictly contorted).
Flowers of Schizocalyx , as of most Condamineeae, are protandrous. However, we observed specimens of B. australis , B. gymnocarpa , B. mendoncaei K. Schum., and B. stipulata with fl oral buds with stamens still included, but exserted and expanded styles, indicating protogyny. Schumann (1891) , described B. stipulata as being gynodioecious and included an illustration showing a fl ower bud with protruding stigma ( fig. 9F in Schumann, 1891 ), a description likely based on a misinterpretation of protogynous fl owers in a female stage. A similar illustration of a fl ower bud with protruding style (although with unexpanded stigma lobes) is also seen with the description of Bathysa pittieri (Standl.) Steyerm, by Steyermark (1974 , fi g. 65d) . Protogyny may consequently be an additional character state in diagnosing Bathysa.
In Bathysa , the capsules split open septicidally across the whole fruit (cf. fi g. 9G in Schumann, 1891 ; fi gs. 3E and 4E in Germano-Filho, 1999 ) , but the examined specimens of B. obovata , B. peruviana , and B. veraguensis displayed loculicidal dehiscence. Furthermore, in these species as well as in B. cuspidata , only the apex of the capsule split open; the lower part as well as the persistent calyx remain intact, with the calyx forming a tube through which the capsule opening can be seen (cf. Gentry, 1993 ; fi g. 1D in Delprete, 1997 ; fi g. 9A in Germano-Filho, 1999 ) . Loculicidal capsules that split at the apex are also found in Elaeagia ( Taylor, 2001 ) .
On the basis of these observations, Schizocalyx is clearly morphologically distinct from Bathysa . The latter has free and usually persistent stipules, protogynous fl owers with hypocrateriform, usually tetramerous corollas, and imbricate aestivation, and capsules dehiscing septicidally across hypanthium. In contrast, Schizocalyx has coherent-connate, calyptrate, earlycaducous stipules, protandrous fl owers with funnelform pentamerous corollas and left-contorted aestivation, and capsules loculicidal at the apex. Inferred molecular phylogenetic hypotheses as well as morphology indicate that Bathysa is not monophyletic as presently circumscribed, and we consequently propose a resurrection of Schizocalyx (see Synopsis). Rustia by two apical pores, and in Tresanthera by a single pore below the apex; Delprete, 1999 ) . Tresanthera was included in Rustia by Hooker (1873 ; as R. paucifl ora ), but Karsten (1887) argued for the recognition of Tresanthera and considered it distinct from the species of Rustia described at that time in a number of additional characters (i.e., corolla and fi lament pubescence, shape of fi laments, anthers, styles and seeds, and capsule woodiness). In spite of this, an inclusion of Tresanthera in Rustia is supported by this study, and consequently we propose the reduction of the former to synonymy (see Synopsis).
The hippotides -Tribe Hippotideae sensu Rova and Andersson (1995) , composed of Hippotis , Pentagonia , Sommera , and Tammsia , are in this study found to be monophyletic and nested within the Condamineeae. As mentioned, the hippotide clade forms a trichotomy with the Macrocnemum and Rustia clades. Relationships within this clade, as well as the relationships within the hippotides (which receives only weak support in the phylogenetic analyses), needs further study. The hippotides occur from Mexico to Bolivia. This group can be readily recognized by its axillary infl orescences, indehiscent fruits, and subepidermal fi ber bundles in the leaf blade that cause a characteristic striation or moir é pattern between the leaf veins ( Rova and Andersson, 1995 ; Andersson and Rova, 2004 ) . According to Rova and Andersson (1995) , the hippotides commonly also have a mixed parietal and central placentation (i.e., the ovary is bilocular at base, but becomes unilocular toward the apex, although not always; cf. Cornejo, 2006 ) . ( Hooker, 1873 ; Schumann, 1891 ) based on a few key diagnostic characters including ovule number, fruit type (indehiscent vs. dehiscent fruits), dehiscence pattern, corolla lobe aestivation, and presence/absence of seed wing. Because none of these characters are uniform within the Condamineeae and all but ovule numbers appear to be homoplastic in relation to the phylogenetic hypotheses presented in this study, the complex taxonomic history of the tribe (see Table 1 ) is not surprising. Consequently, morphological characterization of the tribe (see Synopsis) is diffi cult, and unique tribal morphological synapomorphies are unknown. Although appearing more or less homoplastic at tribal level ( Fig. 5 ) , the characters mentioned do have some phylogenetic utility in characterizing clades within the tribe and are further discussed next.
Morphological character evolution -Tribal classifi cation of Rubiaceae was traditionally
Anther dehiscence -A transition to poricidal anthers appears to have occurred independently at least twice within the Condamineeae: in ancestral Dialypetalanthus and in the RustiaTresanthera lineage. Indeed, the dehiscence patterns differ even within the latter clade. In Rustia , the anthers open by two distinct apical pores, whereas in Tresanthera the thecae have a common pore just below the apex ( Delprete, 1999 ) . In Dialypetalanthus , an apical appendage of the thecae splits open leaving a ± rounded pore at the apex, although sometimes the pollen sac may split further across its entire length ( Hutchinson, 1973 ; Piesschaert et al., 1997 ) .
Breeding system -Within the Condamineeae, both dichogamous and hercogamous breeding systems occur. Hercogamous fl owers are found in Dioicodendron and Dolicholobium , of which the former is dioecious and the latter monecious ( Burkill, 1900 ; Schumann and Lauterbach, 1901 ; Steyermark, 1963 ) . Most of the Condamineeae genera have protandrous fl owers, Elaeagia myriantha was fi rst described by Standley (1930) as Sickinga myriantha and shortly thereafter reconsidered as Holtonia myriantha by the same author ( Standley, 1932 ) . Holtonia myriantha was later transferred to Elaeagia by Taylor and Hammel (1993) . Elaeagia myriantha differs from typical Elaeagia in having imbricate aestivation ( Steyermark, 1972 [as Simira myriantha ] ; Burger and Taylor, 1993 ) and, furthermore, appears distinct by corollas with erect (vs. recurved) lobes, truncate-divided stipules that persists intact ( Taylor and Hammel, 1993 ) , and more complete capsular dehiscence ( Dwyer, 1980 , as Deppea panamensis ). The phylogenetic hypotheses from nrDNA, and cpDNA both support the resurrection of the name Holtonia , and consequently, it will be discussed as a separate genus. Elaeagia is widely distributed in the neotropics, from Mexico and Cuba in the north to Bolivia in the south. Holtonia occurs from southern Costa Rica to northern Peru ( Taylor and Hammel, 1993 ) .
Phitopis -As mentioned, Phitopis is nested within the Schizocalyx clade. Delprete (1999) considered Bathysa and Phitopis as closely related and possibly congeneric. Like Schizocalyx , Phitopis also has loculicidal capsules that open only at the apex ( Schumann, 1888 ; cf. fi gure 11B in Schumann, 1891 ) and funnelform corollas with left-contorted aestivation ( Hooker, 1871 ; Standley, 1936 ; Bremer, 1987 ) . According to Hooker (1871) , the stipules of Phitopis are free and divided in two on each side (considered as a primitive character state by Robbrecht [1988] ) . This description is likely based on a misinterpretation of axillary buds. In contrast, Schumann (1889) described the stipules as coherent-connate and early-caducous. The calyx of Phitopis is closed before anthesis and subsequently splits unequally into two or three lobes during anthesis ( Hooker, 1871 ; Standley, 1931 ) . Notably, this pattern of calyx development is commonly found in Schizocalyx pervuvianus ( Bathysa peruviana , Fig. 1J ) as well ( Standley, 1936 ) , the species resolved as sister group to Phitopis in the phylogenetic hypothesis. Phitopis occurs on the Amazonian slopes of the Andes ( Delprete, 1999 ) . Based on our present results, we propose that Phitopis should be synonymized with Schizocalyx (see Synopsis).
Macrocnemum -According to this study, Macrocnemum is part of a well-supported clade with Rustia and the hippotides. The relationships among these three clades are unresolved. Macrocnemum occurs in southern Central America, northwestern South America, and Jamaica ( Andersson, 1994 ) . The genus is aberrant within the loculicidal clade in having seeds with a relatively long, bipolar wing ( Fig. 6H ) and has historically been classifi ed in Cinchoneae (see Table 1 ). This character appears autapomorphic in the ancestral state reconstruction ( Fig. 5 ) . The capsules of Macrocnemum are similar to those of Picardaea in that dehiscence is loculicidal with the base and apex of the capsule remaining intact ( Andersson, 1994 ; Delprete, 1999 ) .
Rustia and Tresanthera -In the phylogenetic hypotheses, Tresanthera condamineoides is nested within Rustia , although the relationships within this clade are incongruent between the data sets. Tresanthera occurs in the coastal forest of Venezuela to the island of Tobago, whereas Rustia has a disjunct distribution, with one center of diversity in the northwestern South America to southern Central America, and another in the Atlantic forest of southern Brazil ( Delprete, 1999 ) . Both genera have leaves with pellucid glands and anthers opening by pores (in cidal clade " (autapomorphic in the former, and synapomorphic for the latter two clades; Fig. 5 Conspicuous lenticels are present on the fruits of Dolicholobium , Pentagonia , Pinckneya , Pogonopus , Rustia (some species), Simira , and Tresanthera . Consequently, this character appears homoplastic.
Seed wings -The occurrence of a seed wing has been considered an important character in Rubiaceae systematics and has been used in the diagnosis of Cinchoneae. However, the distinction of what constitutes a wing is not always obvious. Several genera have polymorphic seeds frequently with a (membanaceous) marginate testa surrounding the central seed body, a feature that some authors considered to be a wing. In particular, such seeds are found in Bathysa , Chimarrhis , and Macbrideina , but also in Condaminea , Dioicodendron , Elaeagia , and Rustia (cf. Burger and Taylor, 1993 ; Delprete, 1996a Delprete, , 1999 . Three forms of consistent testal extensions are here considered as wings: an extended bipolar ( Fig. 6A -H ) , lateral ( Fig. 6K ) , or orbicular wing (cf. fi g. 8G in Delprete, 1999 ) . Capsular-fruited genera of the Malesian-Pacifi c and the septicidal clades generally have seeds with a bipolar, ± concentric wing ( Fig. 6A -H ) , as do seeds of Emmenopterys , Ferdinandusa , and Macrocnemum . With the exception of the latter, the genera of the loculicidal clade do not have clearly winged seeds. As noted by Delprete (1996a) , the ovule insertion angle and the occurrence and type of seed wing appear correlated. Genera with ascending-vertical (imbricate) seeds tend to have a long, bipolar, ± concentric wing, whereas genera with horizontally inserted (compressed) seeds do not. Capsules (loculicidal) with seeds inserted horizontally in two rows occur in the genera Pinckneya , Parachimarrhis , and Simira , all of which have (relatively large) seeds with a surrounding orbicular wing (the former), or lateral wing (the two latter). The ancestral state reconstruction of the character is equivocal ( Fig. 5 ) .
Stipules -Stipules are often very useful in distinguishing Rubiaceae genera ( Gentry, 1993 ) . The stipules of taxa in the Condamineeae are predominantly interpetiolar and caducous, and the occurrence of persistent stipules appears homoplastic. Stipules are in general persistent in Bathysa , Capirona , Chimarrhis (subgen. Pseudochimarrhis ), Dialypetalanthus , Dioicodendron , Dolichodelphys , Dolicholobium , Elaeagia (some species), Holtonia , Picardaea , Pogonopus , and Wittmackanthus . Intrapetiolar stipules, otherwise rare in Rubiaceae ( Robbrecht, 1988 ) , appear to have evolved independently in several lineages, being present in Capirona , Condaminea , Elaeagia , Holtonia , but several genera within the septicidal clade are protogynous, i.e., Alseis, Chimarrhis , and Warszewiczia ( Taylor et al., 2004 ) . In addition, we found indications of protogyny in several species of Bathysa (see above). Consequently, protogyny appears to have originated at least twice within the tribe, in the ancestral lineage of Alseis , and in the ancestral lineage of the BathysaChimarrhis -Warszewiczia clade ( Fig. 5 ) .
Calycophylls -Expanded, showy calyx lobes, i.e., calycophylls, occur in many species within the group, primarily within the septicidal clade. Calycophylls are found in both Emmenopterys and Pinckenya , as well as in Mussaendopsis of the Malesian -Pacifi c clade. In the septicidal clade, calycophylls occur in Capirona , Parachimarrhis , and Wittmackanthus , as well as in some species of Calycophyllum , Chimarrhis , Semaphyllanthe , Simira , and Warszewiczia . In the loculicidal clade, calycophylls only occur in Pogonopus and Schizocalyx bracteosus ( Bathysa bracteosa ). The occurrence of calycophylls is hence homoplastic and has been suggested to be a result of a " latent potential of the calyx to enlarge all or some of its elements " ( Cla ß enBockhoff, 1996 , p. 365).
Corolla lobe aestivation -Several different corolla lobe aestivation patterns are frequent within the Condamineeae. The character evolution appears complex, and the ancestral state reconstruction is equivocal ( Fig. 5 ) . The genera of the loculicidal clade generally have valvate aestivation, although the Elaeagia -Schizocalyx clade is characterized by left-contorted aestivation. It is notable that, Holtonia myriantha ( Elaeagia myriantha ), which falls outside Elaeagia in the phylogenetic analyses, has buds with imbricate aestivation. In the septicidal clade, aestivation is generally imbricate. Exceptions are found in Capirona and Semaphyllanthe , both of which have left-contorted aestivation. Left-contorted aestivation also occurs in Dolicholobium and Mussaendopsis (of the Malesian-Pacifi c clade), and Ferdinandusa (unresolved in the phylogenetic tree). It should also be noted that within the septicidal clade, some species of both Alseis and Simira have open aestivation ( Taylor, 2002 ; Taylor et al., 2004 ) and that the buds of Chimarrhis , although appearing valvate, are in fact narrowly imbricate ( Delprete, 1996b ) . Dioicodendron and Mastixiodendron have valvate aestivation, whereas the corollas of Emmenopterys and Pinckneya are imbricate.
Fruit types -Most genera of the tribe have capsular fruits, and the pattern of capsular dehiscence appears to be useful in characterizing the major clades of the tribe. Septicidal capsule appears to be the ancestral character state ( Fig. 5 .) and is found in Ferdinandusa , most genera of the Malesian-Pacifi c clade and the " septicidal clade " (the relationships between these clades are unfortunately not resolved), as well as in Dioicodendron and Emmenopterys . Loculicidal capsules are characteristic of Pinckneya , the Parachimarrhis -Simira clade, and the " loculi- Macbrideina , and Mussaendopsis . Consequently, intrapetiolar stipules may be a synapomorphy for the Condaminea -ElaeagiaHoltonia -Macbrideina -Schizocalyx clade, from which the calyptrate stipule type of Schizocalyx would then be derived (the stipular development in these clades needs further study). The occurrences of intrapetiolar stipules in Capirona and Mussaendopsis appear autapomorphic ( Fig. 5 ) . Puff and Igersheim (1994) found that the intrapetiolar stipules of Mussaendopsis originate from an interpetiolar position.
Synopsis -Condamineeae Hook. f., Genera Plantarum 2: 12 (1873). Type Condaminea DC.
Small trees to tall canopy trees, shrubs, or rarely monocaul treelets. Stipules calyptrate, inter-or intrapetiolar, entire or bifi d, early-caducous-persistent. Infl orescences terminal and/or axillary, mostly many-fl owered. Flowers hermaphrodite, mostly protandrous, in some genera protogynous, rarely dioecious ( Dioicodendron ), or monoecious ( Dolicholobium ). Calyx mostly persistent, in several taxa with one lobe expanded and showy. Corolla aestivation left-contorted, imbricate, valvate or rarely open. Ovary 2-locular (5-locular in Bothriospora , or 1 -2 locular), typically with numerous ovules. Fruits mostly loculicidal or septicidal capsules, in some genera indehiscent. Seeds diverse, with reticulate testa, usually small to minute, compressed, and polymorphic, with or without a membanaceous border, alternatively with a distinct bipolar-, lateral-, or orbicular wing.
Genera included:
Parachimarrhis , Pentagonia , Picardaea , Pinckneya , Pogonopus , Rustia , Schizocalyx , Semaphyllanthe , Simira , Sommera , Tammsia , Warszewiczia , and Wittmackanthus .
As shown earlier, the genus Bathysa is not monophyletic. The type B. stipulata , as well as B. australis and B. gymnocarpa , form a sister group to Warszewiczia , whereas another group of species ( B. bracteosa , B. cuspidata , B. obovata , and B. peruviana ) including the genus Phitopis , forms a sister group to Elaeagia . This second group is characterized by connate and early caducous stipules (vs. free and mostly persistent stipules), relatively large, funnel-shaped corollas with left-contorted aestivation (vs. small, hypocrateriform corollas with imbricate aestivation), loculicidal capsules with only apical dehiscence (vs. septicidal capsules splitting entirely), and protandrous fl owers (vs. protogynous fl owers). One of the species of this group, B. bracteosa , was originally described as Schizocalyx bracteosus by Weddell (1854 
